NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



NASA TECHNICAI, MEMORANDUM 


NASA TM -76238 


NATURE OP TYPE I SUPERNOYAE 
I. S. Shklovskly 


Translation of "0 Prlrode Sverkhnovykh I Tlpa," Academy of Sciences, 
USSR, Institute of Space Research, Moscow, 

Report Pr-395, 1978, pp. 1-H2 


(NASA-TM-76238) NATURE OF IXPE 1 SUPEBNOVAE N80-28279 

(National Aeronautics and Space 
AdBinistration) 37 p HC A03/HF A0 1 CSCL 0 3B 

Uiiclas 

G3/90 ,27962 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D.C. 205^6 JUNE I 98 O 


i 


I. RepoM No, _ 2. Oovvmnicnt Accoition No. 

NASA TM-76338 


4 , TitU ond SulitiHo 

NATURE OF TYPE I UUPERNOVAE 


7, AyihoiU) 

I. R. Rhlclovttkiy 


9, Porfotming Otgoniiolion Nam* ond Addrtt* 

Leo Kannor Ar.isociatos 
Redwood City, Gallfcn^nla 9^^063 


12, Sponioring Aganey Norn* and Addrai* 

National Aeronautics and Space Admlnls- 


5TANPAPP TlTl f PARE 
3. R»cipi»nl’i Catalog No 


131 


6, Parforming Organiiolion Cod* 


D, Parlorming OrganiioHon R*pnri No. 


10. Worit Unit No, 


n. Controet or Grant No, 

NASW-319‘ 


13, Typo ol R*pott and Poriod Cov*r*d 

Translation 


M* Sponioring Agoncy Codo 


tlon, WashlnRton, D.C. 209^16 


IS, Suppl*m*ntnry Notoi 

Translation of ”0 Prirode Sverkhnovykh 1 Tlpa," Academy of 
Sciences, USSR, Institute of Space Research, Moscow, 

Report Pr-395, 1978, pp.l-il2 


16 . Abiiroci Supernovae were divided into two classes in 19^^ 0. 

A comparison of Si<peT*nevao T .-.rd .IT shows similarities 
between them. Supernovae I are imlque In that they explode 
Into ellli'tical galaxies. An analysis of composition is 
made and a discussion of various hypotheses on the evolution 
of galaxies and ;the nature of the Supernovae is presented. 


17, Key Word] (Selected by Author(s)) 


IB, Distribution Statement 

Unclassified-Unlimited 


19. Security Cloisif* (of this report) 

20t Security Clossif. (of this page) 

21« No. of Pages 

Unclassified 

Unclassified 

35 

_L 












NATURE OF TYPE I RlIPERNOVAE 
I. S. Shklovskly 


a* 


Back In 19 the division of Supernovae Into two types [i] pro- 
posed by Minkovskly had undorRone testlnf, with time. Attempts to 
introduce new types of Supernovao had .appeared unfounded (see for ex- 
ample Cf,3]). Now It Is already clear that in the Universe actually 
there are two different typos of explodlnr: stars. These explosions 
are accompanied by a basic rostructurlnr, of the stars. Empirically 
we know that the final products of the explosion are: a) neutron 

stars (In certain case’^, possibly black holes), b) envelopes which 
form from the outer layers of pre-supernovae expandlnf, at a rate of 
10-20 thousand km/s, c) the release of a ti’omondous quantity of onerp-y 
In the form: 1) optical radiation — up to approximately 10 

2) kinetic energy of the envelope approximately 10^^ erp;, 3) a flare 
proposed but not yet detected (lasting appinuxlimately 1 second) of 
neutrino radiation appi^oxlmately lO^^ rpj^^ primary source of all 

of the types of energy listed above is p:ravltatlonal energy generated 
during collapse of the interior parts of the pre-supernovae. The 
order of magnitude of this energy Is when R 'v io<5 cm and 

M 'V 10^3 g 10^3 erg. This means that more than 99^ of the total 
energy released during a gravltnti ona'l collapse Is transformed into 
a neutrino flare which although it is UV, slips away from 
observation. The coefficient of transformation of p;ravltatlon energy 
to optical and kinetic is very small — less than 1 %. If one takes 
Into account that neutron stars are formed as a rule during flare-s of 
Supernovae of both types (but that there are serious bases of an em- 
pirical character), then in both cases must be a single magnitude. /}\ 
This circumstance that the quantity and power of radiation energy and 
also kinetic energy of the envelope has one order of magnitude for 
flares of Supernova© of both types (although the physical nature of 
exploding stars must he very different) one can find out that the co- 
efficient defined above of transformation is a value more or less 
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constant for all oxplodinK stai’s* Apparently, only in this way can 
we, for example, understvand the astoundlnr, fact that the absolute 
values of Supernovae 1 and II, at the maximum, are fairly close (ac~ 
Gordlnr. to Tamman [^], Mpp.(SN D^-lo*?! + O.Pfjj Mpp.CSN II) = -17™2 + 
0.25). 


What conclusions of the most peneral character can one make about 
the nature of pre-supernovae of both types? It Is easier and more re- 
liable to make such conclusions about Supernovae II (3N II). It has 
been known for some time (see our monopraph [51 ), that Pupernovae of 
this type never explode Into elliptical palaxles bub only Into spiral, 
where one observes a stronp concentration In the branches (Van don 
Berph, Masa [6]). The averape of Z, the coordinate In Supernovae of 
this type Is much smaller than In Supernovae of type I (SN I). Also 
we should note that the averape Z, the coordinate of residual flares, 

Is very small and Increases with distance from the center of the ap- 
propriate palaxy which Is characteristic for distribution of clouds of 
Interstellar pas (see Ilonnlnf^- and Wondker [71). Because a sipnlf leant 
part of the residue of flares must belonp to the SN II, this circum- 
stance must be considered as an Independent arpument In the use of 
’’ultraflat" spatial distribution of SN II In spiral palaxles. There 
are a number of other circumstances, for example, the dependence of 
freouoncy of flares SN II on the color of the palaxy [i|]. 

On the basis of the characteristics listed above of spatial dis- 
tribution of SN II, we pointed out back in I960 that the correspond- 
Inp pre-supernovae must bo younp massive stars which, are found in the 
main to belong to the spectral class 0 and earlier B (Shklovskiy 
[8]). Later on, this conclusion was reached by other authors and at 
the present time has a pood basis (see the interestinp review by 
Tinsley [9]). Empirically, from an analysis of the frequency of flares 
of SN II, the statistics of massive stars and time scales for their 
evolution show that practically all stars with a mass exceedinp 7-8 
M^, must at the end of their evolution explode like the SN II (Shklov- 
skiy [8], Tinsley [9]). The question of the causes of explosion of 
massive stars has many times been considered by theoreticians (see the 
numerous works of Nadyeahln, Imshennlk et al., for example [10,11]). 
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Although, In our opinion this problem still does not have a satlsfao- 
tory solution, the methods of solving It are already clear and many 
processes which accompany an explosion of massive stars are fairly 
completely understood (for example, the peculiarities of neutrino 
radiation, a heat wave, which to a significant degree determines the 
curves of brilliance and color, etc.).. The most Important — astron- 
omers have now completely proved this, is which stars explode like 
kSN II; it Is rtlll far from clear why they explode. 

A completely different hypothesis was complicated by the his- 
torical discoveries of early SN I. To begin with, during three dec- 
ades, their spectra consisting of a large quantity of ver*y broad bands 
were not identified. Only In 196? did Yu. P. Pskovskly [IP], relying on 
the pioneer work of D. McLaughlin [ 13 ] give a correct Interpretation 
of these spectra. is known, McLaughlin first directed attention 
at the "valleys" between the broad quasl-eralsslon bands In the SN I 
spectra, interpreting them as absorption lines, strongly expanded due / 6 ^ 
to the tremendous dispersion of radiant velocities in the envelope. 
Meanwhile, before this, all attempts at Identification Involve Inter- 
pretation of these bands as broad radiation lines. Yu. P. Pskovskly, 
starting from the fruitful Idea of expected similarity In conditions 
of formation of lines In photospheres of light blue supcrglants (where 
the effect of absolute value Is strongly expressed) and envelopes of 
SN I, considered It correct to Identify certain absorbed details In 
the spectrum of the latter. The peculiarity of the SN I spectrum is 
the tremendous value of velocity of expansion of the envelope result- 
ing in a significant shift In wavelength of central sections of strong- 
ly expanded absorption lines, For this reason, the spectral components 
of SN I are blended to the greatest degree. Final confirmation of the 
truth of Identification by Pskovskly is observation in the SN I spec- 
trum, which exploded In 1972 Into NGC 5253, of the Infrared Call trip- 
let about a 8600, predicted by Pskovskly on the basis of identification 
of the H and K lines In spectra of a large number of SN I. 

A more detailed comparison of the SN I and SN II spectra shows 
a great similarity between them. The main spectral details (H + K, 
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Na I, Call X8600) balonp; to a number of very noticeable oner, in the 
spectra of both types of Supernovae. Often, the spectral details 
have a ehai^acterlstlc profile which was observed In the stars of the 
P type by Lebed. The most important difference, however, is the very 
lare;e intensity of Balmer lines of hydrop.en in the RN II spectra and 
their almost complete absence in the SN I spectra. However, one 
should note that in the SN 1972 spectrum, exploded into NGO 5253, a 
comparatively weak lino was observed which American observers identi- 
fied with Ha [l^n. However, such identification is, at least disput- 
able, and E. R. Mustel', for example, (generally considers that in the 
SN I spectra there are no traces of Balmor lines [151. In any case, /l^ 
one can confirm that the chemical composition of the SN I envelope Is 
very peculiar and, primarily, is characterised by a relatively low 
content of hydror.en whereas it is impossible to exclude the idea that 
there Is almost no hydrof.en. A lar^e number of details in the SN I 
spectra are exactly explained by the fact that their envelopes con- 
sist primarily of heavy elements. In opposition to this, the SN II 
envelopes have a more or less normal chemical composition, in particu- 
lar, a relative abundance, of hydrogen and hc?avy elements close to the 
solar (see Branch and Patoonnett [ 16 ]). 

It is necessary to note that this difference in the SN I and SN II 
spectra must not bo explained by the difference In physical conditions 
in the envelopes. The temperatures of the photosphere, after maximum 
brilliance and their dependence on time (determined by the colored 
curves) for both types of Supernovae are very similar [171 • They are 
also close to the values of electron density (see [18] and [19]). 
Therefore, the differences in spectra (primarily, the practical absence 
of Balmer lines in the SN I spectra) reflect the actual differences in 
chemical composition. 

One more qualitative difference between chemical composition of 
the SN I and SN II envelopes make it possible to draw an important 
conclusion. Namely: In opposj.tlon to pre-SN II, stars which explode 

as SN I, at the moment of explosion, must evolve strongly and lose 
the external envelope which is rich in hydrogen. 


The most important of the facts observed applicable to the SN I 
is the circumstance which has been known for some time that they are 
unique types of Supernovae which explode in elliptical galaxies. More- 
over, on the basis of a statistical analysis by Van der Bergh and 
Maza [6] SN I have a tendency to explode on the periphery of the E 
galaxy. This conclusion was drawn taking into consideration correc- 
tions for observation selection due to the large central surface of 
brlFhtness of E galaxies which decreases the probability of observing 
flares in their central regions. This spatial distribution means 
that stars explode a halo belonging to the oldest population of fairly 
rich heavy elements of ob.^ects whose age is approximately 10^° years. 

In spiral galaxies, SN I form a flat system corresponding to a fairly 
old population of the disk C^]. 

A comparatively high content of heavy elements in the population 
of the E galaxy to which the pre-SN I belong, comes from the proximity 
of indices of light of the periphery of these galaxies and certain 
spherical clusters with comparatively high ’'metallic properties." 
However, one should keep in mind that even in such clusters, the con- 
tent of heavy elements, as a rule, is several times smaller than on 
the Sun. For example, In the hundreds of clusters with known relative 
content of heavy elements, presented In B. V. Kukarkln's catalog [20], 
only three have metallic properties slightly exceeding the Sun’s. Prom 
this one can conclude that the primary content of heavy elements in 
pre-SN I In E galaxies must, most probably, be several times smaller 
than on the Sun. If this is so, then for the time of evolution of 
approximately 10^° years (the age of this population) from the main 
sequence, stars converge with a mass much smaller than 1.2 M^. Most 
probably, this mass Is close to 1 M^. Thus, we must consider pre- SN I 
strongly evolved stars in which the external layers take on a radical 
transformation of chemical composition and where, in particular, hydro- 
gen is practically absent. Such stars can be white dwarfs, nuclei of / 9 ^ 
planetary nebulae , and also under certain conditions (see below), 
components of fairly restricted binary systems. 

Coming to this conclusion based on fairly reliable observational 
facts which have been established, we immediately encounter a serious 


difficulty. So that the white dwarf, like any star, can col- 
lapse into a neutron star (and in this conversion, the substance of 
the phenomenon Is the flare of a Supernova), necessary so that its 
mass will exceed the Chandrasekhar limit « 1.^} {assuming a car- 
bon-oxygen chemical composition. Being on the main sequence, this 
star must have had a still larger mass (approximately 1.6 M^), because 
In the process of formation of a white dwarf from a red giant, this 
external envelope either Is separated, hnving formed planetary nebulae 
or was scattered due to stellar wind. How does this agree with the 
results obtained above that at the present time in the E galaxies that in the 
population belonging to BN I, they come from with the main sequences 
only of stars M "v I 

There are two conclusions in this controversy. In the first 
place, one can propose that SN I are components of binary systems in 
which, at a comparatively late stage of evolution, overflowing of the 
mass occurs, Such overflowing can increase the mass of the pre-super- 
nova to a value exceedingly critical, approximately 1,^1 Secondly, 

one can consider that pre-SN I are recently evolved stars with mass 
> 1.^ that is, white dwarfs. 

First- let us consider the second possibility: In E galaxies, 

very old "relict" white dwarfs which formed a long time ago ('v 10^ ° 
years ago) explode. For billions of years they exist as stable objects 
after which they cntastrophlcally lose their stability and collapse /in 
which one observes as the SN I phenomena. Expressing this graph- 
ically, such white dwarfs are like "bombs" with a time fuse effect. 

We can point out only one fundamental cause for the loss of stability 
by the white dwarf, after having passed through a more or less pro- 
longed period of quiet evolution. This 1 b the presence in a white 
dwarf of masses exceeding the Chandraseliiar maximum. Ostrlker, par- 
ticularly, pointed out this possibility [?1] which he pi’oposed existed 
In white dwarfs Involving their rapid turn to Instability powerfully 
resulting In their collapse. However, a new kind of serious develop- 
ment of this idea has been obtained, However, one can point out two 
actual mechanisms of loss of stability of white dwarfs which formed 
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from a mass which easily exceeded the Chandrasekhar maximum, occur- 
rlng a long time after their bleth. The first mechanism *whi oh as far as 
v;e know no one has discussed, results in the consideration of the 
evolution of strongly magnetixed rapidly rotating white dwarfs, Such 
dwarfs must bv^ generators of fairly powerful magnetic-dipole radiation 
and for this reason, similar to a radio pulsar gradually decrease the 
angular velocity of its axial rotation. It is obvious that for a ro- 
tating white dwarf, the maximum mass must bo higher than the Chandrase- 
khar value obtained for a case when axial rotation is absent. 


Quantitatively, this question was studied by Annand [223 and 
Blinnikov C233. According to [2?], the critical mass of a rotating 


white dwarf (n = 0) + AM 


aM — nno, Q -■ 0.6 


Me 


- 0 , 03 ^ - -pT’ 


(1) 


where -v 2 s“l -- - is angular frequency at v/hich rotational stability 
of a white dwarf is lost. Due bo the magnetic-dipole radiation, /U 

slowing down of rotation of the white dwarf with an excess mass un- 
doubtedly must occur at the moment when this mass becomes more critical; 
after this gravitational collapse must occur. Let us now evaluate the 
time T necessary for this delay. The power of the magnetic-dipole 
radiation is defined by the expression 

Lm =-fe3- HoR®5in“e, 


where © — is the angle between the axis of rotation and the magnetic 
axis. Then 

^ 2 Lm £2^ years, (3) 

where I 10^° cm^g — is the moment of inertia of a white dv;arf. 

From (2) it follows that for this so that t will be 'v- 10^° years 

3’10'^gs (this corresponds to the value of the field on the surface 
of the "magnetic white dv/arfs'y one mu'>t, so that a 0.1s”, which cor- 
responds to the period of rotation P 'v 60 s; from this, according to 


r? 

I 


f -I \ AM 

(1) HFnRTJ 


10“V, 


m 


Thus, In principle this mechanism of collapse Is completely pos- 
sible. In other words, it Is realized in nature to a certain degree, 
that is, the results of observation confirm it. In turn, the discus- 
sion goes on to the magnetism of white dwarfs and their axial rotation, 

At the present time (see Angel [2^3), ten white dwarfs are known with 
powerful magnetic fields (from approximately 3*10® to approximately 
10® Qs). In two cases, periodic variations of the degree of circular 
polarization were detected, undoubtedly due to axial rotation. For the 
Peige object — seven periods P ■ 130 min, at the same time that for 
Q 195-19, P = 1.33* In the other eight cases, axial rotation of 
white dwarfs was nob detected — it is too slow. 

The fact that in white dwarfs one does not observe magnetic 
fields weaker than 5*10® Gs, cannot be explained by the low senslt- /I 2 

Ivlty of the receiving equipment. The latter is completely capable 
for comparatively bright white dwarfs of recording a field of H 10** 

Gs. One can conclude In white dwarfs H Is either very large (> 5*10® 

Gs), or comparatively small (H £ lO** Gs). One can estimate that the 
portion of ’’magnetized" white dwarfs Is approximately 1% of their full 
number. Let us direct attention to the slowness of axial rotation of 
white dwarfs. Comparatively rapidly rotating objects are the excep- 
tion. For example, in the recent work by Greensteln et al., [253, 
from the Ik white dwarfs studied, only a few have an equatorial velocity 
of rotation of 60-70 km/s (which corresponds to P -v lo'”) and most are 
less than 30-^0 km/s. There is a simultaneous combination of three 
properties in the white dwarfs observed: a) an excess mass AM/M^a/IO"^ , 

b) a strong magnetic field H > 10'^ and c) a rapid axial rotation 
fi > Is”^, has an extremely low probability. If these three charac- 
teristics are independent, then the probability of such a combination 
is very low (for example, for the E galaxies this probability Is 
A- 10“'^, that Is, at least several hundred times smaller than the neces- 
sary value — see below). 
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Besides the '‘magnetic,'* th^re l8 another meehanlsm long before 
In time stabllir.ing the white dwarf with excess mass, rotating It as 
a "time bomb." This mechanism can be called "thermal." A number of 
theoreticians have pointed out that the slow eontractlon of a white 
dwarf whose mass slightly exceeds the Chandrasekhar limit at the 
temperature of the Interior T ■ 0, leads it in the final analysis to 
a critical state with a subsequent collapse into a neutron star (Hoyle 
and Powler [26], Arnett [27], Bisnovatyy-Kogan and Seidov [28]). The 
cause ihf' nlow contraction of white do'arfs can be either the 0- 
process (RLnz3>-Wolf [293) and the simple cooling of white dwarfs (Bisno- 
vatyy-Kogan and Seidov [ 28 ]). 

The excess (in relation to T » 0) maximum mass of the white dwarf 
is determined by the expression [28] 

=2-m 

where A — is the average atomic weight of the matter of the white 
dwarf, Pq 2 — is the number of nucleons per one electron, T^ — 
is the temperature of the interior of the white dwarf, expressed in 
units of lO^'K. Without considering the various type c-f fine effects 
(see below), the cooling time of the white dwarf with mass > M_ (T = 0) 

C? 

up to the critical state results in Its collapse, 

year. (5) 

In a case of SN I flares in E galaxies, our problem is to deter- 
mine AM, as soon as tj is known <\> 10^*^ years. However, with such 
long-terra periods of evolution, the necessity arises for taking into 
consideration certain fine effects. Primarily, one must consider the 
effect of crystallization of matter and also convection of the interior 
of the white dwarf. These processes are accompanied by absorption of 
thermal energy which results in more rapid cooling than according to 
formula (5). According to the numerical calculations of Lamb and Van 
Horn [30], for this reason the time tj decreases by 2-3 Rimes. How- 
ever, one should note that calculations made by Shavlv and Kovetz [31] 
result in a significantly slower cooling than in [30]. All these 
authors, however, do not take into consideration that in the cooling 
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process contraction of the white dwarf with n mass vory dose to (and 
exceeding) (T * 0), In its central reglf’n begins f-stage reactions 
of e-captures (see Blsnovatyy-Kogan, Seldov CS^D. Because of the 
presence of this additional source of thermal energy, the white giant 
with mass M ■> for a fairly long time will be close to the critical 
state so that It, in the final analysis, nonapses. 


Everything that has been said applies to the interval of mass 
Mg, M^ + AM, where AM/M^ 2*10“‘‘ which, as we will see below, can cor- 
respond to a case of the E galaxies. A rough estimate indicates that 
for the interval of mass of interest to us, the additional generation 
of heat due to nonequilibrium g-processes compensates for cooling due 
to crystallisation and convection. Therefore, in the first approxima- 
tion, for large time Intervals and fairly small values of AM It is pos- 
sible to use formula (5). Prom the tables presented in [30], taking 
the directions contained In C323 Into consideration, one sees that for 
IqIO years, the white dwarfs cool to Ty « 0.2. Prom this, according 
to C^l), in "relict” white dwarfs, which exploded as SN 1 in E galaxies 


AM/ie~ 3'10~®. 


( 6 ) 


According to Tamman [33], the (''specific") frequency of flaron of 
SN I in E galaxies calculted per unit of masD^ is 

( 7 ) 

I C 4'10'3jaol%)-(100 JieT)|-I, 


1 The low specific frequency of flares of SN I In E galaxies can be 
dlrectely confirmed on an example of a giant spheroid stellar system 
NGC hl\86, whose mass Is 10i3 M@. For the entire time of teXuonoplc 
observations, only one Supernova exploded In 19X9 [5l* Because the 
mass M87 was several tens of times larger than the mass of the Gal- 
axy, we directly find that the specific frequency of flares of f>N I Is 
hundreds of times lower than in the Galaxy. It is curious that in 
the M31, the Supernova explodes approximately once in a hundred years 
(the last time in 1885). In this case we note that in the M31, the 
rate of star formation also was a magnitude smaller than in our Gal- 
axy. This is similar to the fact that the M31 In type is much closer 
to Sa than Sb . 
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Tf the mimhee <»r nil white (Iwnri’tt lu th'^** ealnxlen nianunta le % in's /V) 
e^' the numhee ef nil ainim, thtni l*ei* lOi^ 1-L mntsneit ihey munt he nt 
lenht H. ih^. Uolutt the 1‘unetlen ef tn.'utn of newly fei'med white dwnrfr- 
f3tl Cnltneuf,h vei»y unreXlnhly), one can nnaune that t he ntimhej* of 
v.’hlte dwai»fa with AM/M^^-v 3*l0~s {u^a^; ^ M(vuiwhllts the numhei* 

ef flnren of flJ I for 10^® ye;u»a, enleulntecl at in^*^ muni he at. 
least aeproxlmately that Is, approximately 30 times larper than 

the number of expeeted white dw.nrfo with AM/M^, a. 3*10“*’, Finally, this 
o»t4mate Is very roup.h hut nevoi’theless it indieai^es that, the meehnnism 
eonsldered eanmvt provide the expeeted friMjiu'noy of fiJ i in the K dal- 
axiee. In the hes^t ease, only api'ronlmat.ely 1 % of the flareo ean be 
explained by this mechanism. 


Mow lot us eonslder the evolution of pre-supernovae in binary 
lar systems found in in the K galaxies. An important e,haraeteristlo 
of tills evolution is the exchanf,o of mass between components of the 
system. This ean lead to the oecurrenee of comparatively massive 
stars in E falaxles where the process of star formation has recently 
stopped. Moreover, in principle, one can theorise that durlnp, evolu- 
tion in a binary syotora, a spool fie situation ean ariso whieh results 
in explosion and which in a unique evolving star cannot occur. In 
other words, It 1s iofieal to assume that the hupernova phenomenon 

(like an ordinary nova) can occur only in multiple stellar systems. 


Historically, the first of such possible specific raec-hanloms of 
explosion of stars was pointed out by Phatsraan L‘3b]. After him, a 
number of authors pointed out similar J-’eas appropriate to the E fal- 
axloo for which recently the difficulty indlcafed above with the 
masses of exploding, stars was found out (see Truran and Cameron C3()’l> 
Hartwick C37]j Whelan and Ibon t38] and also Oursky [39]). The es- /it 

Bence of this Idea consists of the fact that "active" (tliat Is explod- 
Ine) components of the system are a recently ovolutlonlsed v/hite dwarf 
which is formed with a mass somewhat smaller than a Chandrasekhar 
limit Mg, whereas the initially smaller massive component succeeded 
In evolvinc fairly adequately. This component can either be subpiant 
(at the early stapo of its evolution) or an object of a small mass 
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(M < 0.5 M^), similar to the nondeveloped component of new and nova- 
like stars. In the process of overflow of mass from a nondeveloped 
component to a white dwarf, the mass of the latter can exceed M^j 
after this, a gravitational collapse must follow. Opposite this 
mechanism of explosion Is the well known ob^lectlon: after overflow 

on to a white dwarf of a rich hydrogen substance, it follows most 
rapidly that one should expect an ordinary flare of a Nova, then In 
the process of this flare a small excess mass will be ejected. The 
objection to this however Is not decisive because. In principle, one 
can propose that In certain rare cases of mass ejected during a flare, 
on the average, it Is smaller than the mass which overflowed on to the 
white dwarf between the flares. This question has not yet been the- 
oretically developed properly. 

The Shatzman hypothesis, primarily, must prove the known facts 
applying to flares of Supernova in multiple stellar systems. In one 
considers that the Shatzman Idea can give a universal explanation of 
all SN I flares, then It must be applied to the galactic objects. Here 
we will Immediately run Into an Important fact. The point Is that the 
presupernova of 105^ could not have been a component of a binary system. 
On the other hand. If this system after explosion of SN did not dis- 
integrate^, a strong effect of orbital motion of the NP 0532 pulsar 
would have been observed} this did not occur. /17 


Another actual objection to the universality of the Shatzman 
mechanism Is an analysis of the situation in the binary PSR 1913 radio 
pulsar. In this system, as is known, the radio emission component 
is a neutron star and the other component Is either a white dwarf or 
a neutron star. Because the radio emission . component (neutron star) 
must have formed later than the second component (If this Is a white 
dwarf then it can be fed by accretion: then the second component 

Is a very compact star practically without stellar wind. 


2 We note thau because during symmetrical explosion of SN I, a com- 
paratively small part of the matter of a more massive component Is 
lost, the pair cannot be broken apart. If this explosion is asym- 
metrical, then due to large gravitational energy of the bond, breaking 
the close pair also Is not to be expected. 
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Psn* t,ho underi‘»nuvlth'mt. Ion, ;m mialyBio of’ fnaliu'l lo 

binary syafcoiTiais of r.roat linoort.nnoo ; one of the bln'rv nomoonontR 1.«? r 
neutron utar — Uio utuioubiod roaUluo of a i’upornova f lai'o. i’uoh 

ayBt oma are not. no dlfforont from X-ray pulnarn. Tlu' known proport. I i>n 
of ihooo nytUomn, an wo non ihoiii, t*xoUuU* t.ho ponnlbllliy of Ikn'inatlon 
of a "nout ron" oomponont of t ho hhat-nman moohanlnm. hot un oonn itior 
for dtd.ormlnatu'y , a binary syatom of the X-3-Contaurus in which t;ho 
"optioal" oompoiunit. In a llpht blue nuporrilant with powerful ntollar 
wind "food1nr>" the X-ray nouroo — noutron ntar. Pooauni' the durat-iiui 
of the phano of a llr.lit blue nuporflant in mannivo r.tarn inunt bo only 
appi’oximato'ly ( P-3) • 10*'’ yoai'n, If t he nout ron nt;;;r in thin nynt.om oo- 
ourrod unluf: the Phataanan moohanlnm, tlu>n itn ai'io wtnild have boon 
approx Imat.o l,y it)-’ yearn. Ilowi'vtn*, duo to tin' nhort; orbit t'.imo, it 
could not. bo t.i'ann formed fi'om olllptioai (aft.or the oxplonion) to a'l- /18 
mont oiroular. Moreover, the full iiuant-lt-y of ;';an whioh undi'rwimt 
aeorot. Ion dui'lni'; tdu' phano of tho nupoi'pj ant , prooodinr. the oxplonion, 
munt bo approximat-oly 10“'' Connoiimnit ly, t-ho whitt> rdant munt; 

have had a inann of a mafaiit.udo nmallor than tin' Olmndranok har limit. 

But nuoh ob.Ioot-n munt. bo very nmall (ni'i' above ), novoral mannit iidon 
nmalloi' than tho number of X-i'ay suniroi'n id’ tliin. typt>. What j. boon 
indioat.od alno applion to the X-ray nouroo of t.ho Her X-1 typo, whore 
t.ho primai’y mannon of a oomponont woi'o oomparably nmall. 

However, a olann of ('lalaotio X-ray nouroon oxlntn In whioh tho 
noutron nt.arn are oomponontn of rontri ot.od binary systems, ponnibly, 
formed by tho Hhutamian moohaninm. Wo are talking about objoot.n of tho 
Hoo X-1 typo, and X-ray nouroon in npliorioal oluntorn. In thono ob- 
joo.tn there in an optioal lumlnonity of a non-oonfluont oomponont a 
thounand timon nmallor than tho X-i'ay lumlnonity of the nouroo. Oon- 
noquont.ly, thin oomponont, a dwarf nl-ai* with nmall mann, in nimilar 
to a non-oonfluont component of cat.ao.lynmio restricted binary nyntomn. . 
Uonsoquontly , there are norioun roanonn to propone that tho X-ray 
sourcon of thin typo ronultod from rontriotod binary systems using the 

1 In tho opposite case, tile noutron rduar would bo wrapped in a fairly 
dense envelope with mann of novoral tonn of M.^. But such an 

object in not a noutron star! 
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Shatsman mechanism. Howevei% the frequency of flares of SN I caused 
by the appearance of such sources is very small. The time of evolu- 
tion of cMtaolysmio systems caused by loss of mass of a non-confluent 
component, Is at least ‘>'10^ years. Because In the p.alaxy, one counts 
T/ 10^ X-ray sources of this type, one finds directly that the specific 
frequency of SN I flares caused by the Shatr.man mechanism f^^ •v 10“^/ 

10^0 Mgj 100 years, which Is 'v- 1000 times smaller than that observed in 
the E galaxies, because the number of cataclysmic systems In the Gal- 
axy Is 10^-10®, and the time for their evolution is >v 10® years, so 
that It Is only In one of several thousand such systems that a flare /19 
of SN I can occur. 

We can still conclude that in restricted binary systems, made up 
of massive stars, due to the overflow of external envelopes of evo- 
lutionary components enriched with hydrogen, only SN I can flare up. 
Consequently, only single massive stars must flare up as the SN II 
(or components of fairly broad pairs ),** 

Thus, purely empirically wo can conclude that in binary systems 
— X-ray sources — the evolved component explodes due to certain 
"Internal causes" after which, a significant part of its mass over- 
flows as a secondai*y component. Also It, is possible that the second- 
ary component explodes after this as the substance overflowed from 
the primary vind that it successfully evolved fairly well. Apparently, 
an example of such evolution could bo the binary PSR 1913 radio pulsar. 

We can evaluate the specific frequency of BN I flares caused by this 
process. Of the approximately 200 radio pulsars, only one has entered 
Into the composition of a restricted binary system. Prom this one can 
conclude that only approximately 0.3% of the reformed pulsars enter 
Into the composition of restricted blnai’y systems. Because one pulsar 
In the Galaxy Is formed approximately once In ten years, It is 


Is this astonishing fact explained In that incorrect galaxies of 
the Magellan type, where so many massive young stvirs have been ob- 
served only In SN I up till now, and in that the percentage of single 
massive stars Is noticeably smaller than In the late spirals? And Is 
this not why the absolute values of luminosity of all SN I at a maxi- 
mer here are 'v 2^ larger than In the spirals (see C^3)? 

lil 


ImiiuHl lat i‘ly obvtour- that !n nnit I'Jft cd binary ay=’* I'lun, Urn ninn'iflt’ 
rroqmnioy of flaron of hN 1 Ir. f ‘v yi'arn, wliioh /.Hj 

ahu’' O 0 ”ntn^pondr. t.oi ilu' froquoney o*’ hN I In K f;alaxIon. It In ob- 
vhnin tdmt. tuu'Vi a fiuHiuoiu’y of flaron oan alno ocour tlurlnr, oxplonlon 
of a primarily moro maasivo tnatipononf in a roat-rlrtod binary ayatom. 

Wo havo alroady aald abovi' t.hat in aoparato (raro) oaam'. I'volut l^^n la 
poaalbU' aoourdinf; to tho hhativnian ayat om. Tlu' fart a Imwovor ti^li ni’. 
t.hat In tho ovorwholmlnr, majority c^f oaaoa, oxploalona i^f hN I ai*t' 
oauaod by "Intornal" proooaaoa ’n '.ho ovolvod atar, Fifairo 1 dlaf;ram- 
mafcloadly ah<n\ra tliroo pmaalblt' <i. da ( "fhannol a" ) of I'volui ton in 
binary ayatoma, inakinr. It. poaalulo l.o prmiuoo an hN 1 flaro-np. Tlu' 
ftrat oorroaponda to tho Phat-nman moohanlam, tho atH’ond to tho forma- 
tion of X-ray pulaara, and tho t.hird to formation of radio pnlaara in 
binary ayat.oma. 

Ttii’niiif': t-o t.lu' problom of a flaro-iip of hh I In F. paiaxii'a, wo 
aoo that moat rapidly ono nmat. rov'ili'.to a ''third path" (aoo Fifuiro 1). 
hovoral billion yoara ap;o, havinp, rooolvod an"nddt'd" maaa from tho 
flrat. oorapnnont. (aa a rintnlt of which ii-a maaa' oxooodod tho Chandraa- 
o har limit), tho aocond componont of tho ayakom bopnn ita ovolntlon 
ao t;hnt- in onr opoch, it. exploded like an FN T. Wlt.h attch a ayat-oin of 
evolution, a oort.ain int.orval of primary maaaoa of primary component. a 
muat oxiat which after a fairly prolonpod twolut.ion can, wit.h a cort-aln 
pronability, roault in a flare-up of PN I. Aaaumo t 10^° — la the 
time which paaaoa after completion of an epoch of atar format. Ion In K 
p;alaxiea, — la the fimo of evolution of a aocond component nft.er 
which, tho maaa from the firat component overflmvod on to it. Obvioualy, 
ia defined aa thi? maaa Mi after overflow. It ia clear that MA can- 
not be t-oo larf.e becauae then would become amall and x - would 
be too larpe for the maaa M.^ to bo adequat.ely larf.e. Ohe can prove 
that muat lie (approximately!) in the limit. 

1.1b < < 1.3'), ^1, 

whllet^^ < fi'lO^ yeara . Below, atartinf from thla hypot.lieala , we will 
apaln evaluate the frequency of flare-upa of PN 1 in K falaxiea. 
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Now lot. UB i'io on to an analyalB of flares of P^N I In splrnl 
p.alaxloB. Finally, If In elliptical galaxies, SN I flare up only In 
binary syatemB, then in spii’als this pi’oeess must oceur. The qitoB- 
tlon however Involvea Uu> fact of whether or not there la a baaie 
part of pre-PN I in the spirala with conipnnentB of binary syntems. 

Or, In other wortla, is the fact that atara belonf to a binary sys- 
tem a neeessary eondit lon for Itai explosion? Above the argument 
that the SN 11 muat be massive single stars was iu»esented. How will 
It be with the SN I? There is a considerable difference between S 
and E r;alaxies: in the latter, in this era there cannot be slnr.le 

stars with a mass larr;er than which necessitates explaininr. the 
flares of SM t as n certain specific mechanism, namely, by their duality. 
This Is not so in spiral t'ittlaxles where., thanks to a perman- 

ently continuing: pi-oeess of star formatl on, there Is a fairly adequate 
quantity compared to massive stars. Nerlous obiu'rvatlon data exist 
which Indicate that a sip;nificant if not the laiT:‘’’i-’t part of all 8N I 
flare up amoup: sinp,lo stars or in comparatively "broad" systems. Let 
us pause tci discuss this in more detail. 


As is known, in the environs of HN 160^1 (tlie Koploi’ star), there 
is p:as with a normal chemical compinvlton [b]. Because tlie coordinate 
of this Supernova is approximately IPOO ps (a superfluous proof that 
it is an BN X), the density of the interstellar p;as here must be very 
small, 10“^ em~^. The fairly br:ip;ht cloud of p;as observed around 
the BN 160^1, undoubtedly, was elected from the pre-supernova most 
rapidly at the stage of the red giant — either by formation of a /jV 

planetary nebula or duo to stellar wind. This obviously could 
not bo if the pre-supernova IbO^I was a component of a comparatively 
rigid binary system. In this case, only overflow of the external en- 
velope oito the second component could occur. We note a comparatively 
dense p;as is observed around the BN 100b (Z 600 ps). Obviously, 
the presence around the pre-8N, of gas with normal chemical composition 
is a fairly widespread property of these objects. Moat of all, this 
ptaa is pl.anetary nebula separated from the corresponding pre- 
supeiaiovae at the stage of rod giants. The alternative possibility 
is stellar wind from red giants preceding the formation of planetary 
nebula — at least it provides the presence of comparatively dense 


Kas In the surroundings approximately one parsec from the star. This 
means that even with the power of corpuscular radiation approximately 
10”® - 10"'^ M^/year, the velocity v 10® cm/s, the density of the 
ambient atmosphere will be 10-2 5 g/Q,„ ^ distance of ^ 3 ps from 

the star — a value too small. Then, It Is assumed that the density 
of the ambient interstellar gas Is insignificant — a condition which 
la fulfilled at a fairly large distance from the galactic plane. 

Thus, we come to the concept that in a number of cases pre-super- 
novae of type I can be objects similar to the nuclei of planetary 
cloudiness. This concept, In particular, explains the absence of 
hydrogen In the SN I envelopes. Because yearly in the Galaxy 1-3 
new planetary clouds form and SN flare up approximately once In 
several decades, one can conclude that for each 30 - 100 nuclei of 
planetary nebulae evolved into white dwarfs, there is one which 

has exploded as an BN I. 

Gslng this conclusion one can also talk about the closeness of /S3 
characteristics observed of BN I In S and E galaxies (for certain 
differences, see below). But In the latter pre-SN I, there must be 
objects which evolved by confluence of objects In their central 
regions which make them similar nuclei of planetary nebulae. 

It would be more natural to consider the cause of explosions 
an anomalously large value of the mass of the nucleus exceeding the 
Chandrasekhar limit M^, from which It follows that In the main se- 
quence of mass of pro-SN I, it was approximately 1.5 - 1.6 The 

first time (approximately 10® years) that the nucleus evolves Into 
a white dwarf. It will be stable.® However, when in the process of 
such evolution, the nucleus In the structure Is fairly closely re- 
lated to a white dwarf, collapse sots in. We have already noted 
that an excess mass can be fairly significant, for example, approxi- 
mately 0.01-0.1 Attention Is given to the fact that of several 


® For Instance, keep In mind that certain nuclei of planetary nebulae 
In which the spectrum Is detected as having WR characteristics, lose 
mass due to stellar wind. Most often, this loss is Insignificant. 
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hiuuiriHi pi .*mot ;u‘,v nebula’s im I y In i hc‘ smlt T' onns hltunnU doon t h«‘ mu’linin 
ontvn’ InVo i ho oomponltion of Uio Mnany nyntom, From nil of iho palnr 
Ur popsilnl lonr», only t ho rndit^ pulnnrs nro t ho roalciuo of flnn'-upa of 
f'upornovao and havo l,hl» proporty. Thin alno v>an Indloai o i;ho p.niotlo 
bond of nuc'lol of plnnotary nobnlao and pro-fN 1. Wo havo alroady 
notod thaf apal.lal dlnirlbut-lon of both populatlonn In fairly nlmllar. 

FrvMu tho faoi that tho ovorwholmlnf ma.loi’Hy of planotary ju’bulao 
In luit a v'omponont vsf a binary odn'tom, i>tn' osus dt>nv; ono more Important 
ooiu’iunlon. In rooont tlmon, the view was propagated that 

tho banlo part, (up to of ntarn with mai'a'. 1-f aro ooniponont n / 

of multlplo nyntomn (noo Abt Abt , for oxamplo, fiumd that 

from ntarn brlghtor than whono npootral olannon aro AH - F f, ru 
are mainrotle whoroan they aro all oomponontn of oompai’atolvoly 

rontrlcted binary nyntomn (f -v H“), and from Uio othor "normal" A-F 
ntarn nt.udled, 17 aro npoetral-blnarlon whoroan If ono talcon Into ao- 
oount ponniblo \mobnorvod low m:\nn oompiuiinitn , Uio poreontago of 
multlplo nyntomn ran ineroano nigjilf 1 osintiy C42]. 

Wo note that; A-F ntarn aro of part i enlar Interont to un botsanno 
nomo of thorn. In t-ho final analynln, iimnt. evolve Inti' PN I, Howovor. 
booauno a nlgnlfloant part (In our entlmate groator than 30f.) of rod 
f.lantn in tho lant ntagon of tholr ovolut-lon form planetary nebulae 
and at tho name time their nuel ei are Inolatod objoetn, one ean eon- 
olude tliat more than 30?j of nt:irn of the main neqiunieo with t;ho 
mann indleated above munt- be n1np;lo. 

It In ponniblo to di’aw another conelunlon that- the ntarn A^^^ 
will I'll aro never n Ingjo, an a rule, eannot have evolved into fN J. At 
Idle name t;ime, we lude tdiat in dlntlnet-lon from ordinary A - F ntarn, 
thene ntarn rotate nlowly THf]. Only the "normal" A - P ntarn In a 
case of t.helr eollapne at later ntagen of evolution ean form rapidly 
rotatliu’; neutron ntarn which, an we will nee later on, han tdie prin- 
cipal nipinif Lcaiice for the ent ire problem. 

It in imposBlblo, however, to confirm always the SN I form from 
certain nuclei of planetary nebulae. We have already seen above that 
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SN I can flare* up in restricted binary ayst^ms. In this case*, it ia 
difficult to show the formation of planetary nebulae in the proeeas 
of evolution of one of the components. 

On the other hand, with a fairly larp.e distance between the com- 
ponents, the Iv'itter must evolve in the same way that they would if 
they were Isolated. Prom the fact that the rate of expansion of /pn 

planetary nebulae is usually SO-llO km/s, with the natural assumption 
that these velocities are close to the parabolic velocity of the cor- 
respondinp star-plf^nts, it follows that the radii of the latt.or must 
be approximately 3*10^^ cm. Therefore, the minimum period in this 
system at which evolution of components can be considered Independ- 
ent (and where planetary nebulae can form) must be approximately a 
few years. We note, however, that with such an Independent evolution, 
effective exchange of mass does not yet occur. Therefore, in ellip- 
tical galaxies, where SN I flare up primarily in binary systems (see 
above), the periods of the latter must not exceed a few years. Con- 
sequently, the formation of planot.ary nt>bulao and specific evolution 
of stars in a binary system, is accompanied by exchange of mass — 
concepts which are mutually exclusive. 


It would seem that one should expect a fairly significant number 
of nuclei of pilanetary nebulae — components of broad pairs with 
P > lOOO'^. One can propose that in these rare cases where the nu- 
cleus of planetary nebulae has a spectrum of the A - F class, this 
situation Is observed more than once. It is also necessary to keep 
in mind that during formation of planetary nebulae (which is gener- 
ally speaking, an asymmetrical cloud), the pair can be separated 
due to the appearance of an additional impulse of "recoil" in the 
nucleus. It is possible, consequently, to expect a flare-up of SN I 
In broad pairs. Most often, however, in this case the separation of 
the pair will occur. 

Now let us evaluate the frequency of flares of SN I in restricted 
binary systems according to the data of X-rays astronomy. For deter- 
minancy, we will consider X-ray sources of the Her X-I type, whoso 
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opl ienl ot'^mpom'ivt hfiB a mans niMTiwhat <‘xcu‘»-‘dlnp, ilu» maan of i ho fain, /fh 
Tlioln full niimhor in iho Galaxy la approximately lOO;; ami tlio rliarao- 
ti'rlatln lifotimo of Boimooa of this typo, detormlnod nnoordlnp t<’ 
oontury aoooleratlon i>f their axial rot;ation t « 10® years . 

It follows from this that the frequimcy of flares of fupernovae 
(usually, type I) in compact binary systems (here the pair is not 
seivarated) approximately once in a thousand years is appi’oxlmately 30 
times nmnileT’ than the frequeney Glares of all SN I In the Galaxy 
C^n. Even lower (by several times) is the frequency of flares of SN I 
Incompact binary systems with a massive opitcal component of the Gen S-3 
typci if one takes into account that the duration of the stage of 
the light blue suporgiant (and accoinpanylng this stage powerful 
stellar wind) is approximately 10® years. 

One can assume that in elliptical galaxios, a portion of the 
binary systems. In relation to the full number of stars, is approxi- 
mately the same as in the spiral. The basis for this conclusion is 
the fact that in spherical clusters (whose stellar composition must 
be close to the E galaxy), for the last one hundred years one has 
observed, with full verification, two Nova flares (In the NGC 6093 in 
i 960 and NGC 6l}02 in 1933)- On the other hand, in the entire galactic 
disk, annually approximately 100 Novae flare up. Taking into account 
that the total mass of all sphc’r'ioni clui* is .'n'’iT*nyiirinto‘l y 10*'^, of 
the mass of the galactic disk and that 1-2 Novae In the clusters could have 
passed through, we find that the "specific" frequency of Nova flares 
which are components of compact binary systems in spherical clusters 
and the disk, must be practically the same. We note that In spherical 
clusters, also stars of the U Gemlnorum tyne were observed. 

Then how do wo understand the fact that specific frequency of 
flares of SN I in the E galaxies is approximately several tens of 
times smaller than in the spirals? Here, the percentage of the binary 
media of stars with mass 1.3-2 and a period smaller than a few 
years (in other words the substances from to will not overflow) , /57 
is at least, 20-30,3. Apparently, this Involves the fact that in 
binary systems, the SN I flares occur, at least, with a probability 
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smaller by a magnitude than single stars vfhlch would Indicate the 
eKample given above of X-ray pulsars. The cause of this, possibly, 
is too large a value of overflow mass from the evolving component, 
Therefore, the mass of the latter rarely exceeds the Chandrasekhar 
limit without which an explosion of a star is impossible. 

Now let Ufa evaluate the specific frequency of flares f in the 
E galaxies. Let us assume that approximately 3055 of the stars in 
elliptical galaxies are binary, and of these 1/15 are newly formed 
stars which have a mass within limits 1.15-1.35 (see the well 
known work by Salpeter [^133). The probability that in the process 
of evolution in a binary system the Supernova explodes and one does 
not obtain, as usual, a white dwarf is <v 1/300 (that is, 
approximately ten times smaller than for single evolving stars — 
see above). Then, for 10 stars in an elliptical galaxy for 10 
years, the SN I explodes as 

101Q-1/15‘0.3‘3-10--3 = 6-IQS, 

and for 100 years -v 5*10-3(10^°Mg*100 years)“i, which is close to the 
value observed (see C333)- Thus, the mechanism of "binary stars" 
can quantitatively explain the frequency of flares observed in the 
E galaxies. 

Whereas in the S galaxies the SN X is primarily (by 90-95^) single 

stars or components of fairly broad pairs (which is one and the same 

thing) and in E galaxies appi-'oxlmately 99^, the flares occur in fairly 
d 

close (P < 1000 ) binary systems (approximately IJS can be \mite dwarfs 
with low excess mass) makes one expect certain differences in the 
basic characteristics of SN 7 which have exploded in galaxies of both 
types. ^SuGh differences must be in the form of a curve of brightness /2H 
and in dispersion of the absolute values at the maximum. The latter 
must be noticeably larger in the S galaxies because in the E galaxies, 
the mass of pre-SN I cannot exceed a certain limit whereas in the S 
galaxies, the pre-SN I can have large masses. A reflection of this 
circumstance can also be the curious differences in the curves of 
brightness of the SN I, which have flared in galaxies of different 
types, observed recently by Yu. P. Pskovskly Although the 
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curves of hrlFlhtness are fairly similar, certain characteristic dif- 
ferences are apparent anmn*'* them. The characteristic parameter of 
the curves of brightness is the rate of decrease of brightness 
after the maximum, expressed in stellar values per day. Table 1 con- 
tains the results of a statistical analysis made in 
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It is apparent from Table 1 that as one could expect, the photo- 
metric properties of SN X in the E galaxies is notloerbly more uni- 
form than in the spiral galaxies. However we note that if the SN I /P9 
flares in che E galaxies were caused by the Shatoman mechanism, them 
their photometric characteristics would have been Identical and this 
was not so. Attention should be given to the fact that in the E gal- 
axies, the three "lowest” photometric classes of curves of brightness 
were completely absent. This characteristic of Table 1 is hardly ex- 
plained by the inadequacy of statistics. It is possible that this is 
due to the "limitation on top" indicated above of the massive pre-HN I 
in the E galaxies. The "lowest" photometric classes give very "broad" 
(about maximum) curves of brightness. We will address this question 
below. 
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Right now we will go on to the Important problem of Interpreta- 
tion of curves of brightness of SN I. As a result of a number of 
theoretical studies of different models of exploding stars [10,11] 
it became clear that with instantaneous release of energy it was pos- 
sible to obtain theoretical curves of brightness somewhat similar to 
those observed j it was necessary to assume that the radius of the 
envelope of the pre-Supernova must be very large, > 10^‘*cm. Moreover, 
the analysis presented above leads one to conclude that pre-BN I must 
be very compact objects close to a white dwarf. 

Beginning In 1976, D. K, Madyenhin and V. P. litrobin, in several 
works, first calculated models of flares of Supernova stars with slow 
generation of energy (that is, ’’pumping" [^5,^6,^l7l) . Oalculatlon 
showed that the characteristics of the Supernova close to the maximum 
hardly depend at all on the assumed radius of the pre-Supernova , if 
it is only smaller than the radius of the photosphere of SN close to 
the maximum, that Is, loss than 1000 In other words, these calcu- 

lations are true for very compact pre»;'N. The characteristics of the 
Supernovae depend on the mass of the envelope ejected during the 
explosion and on the rate of "pumping" of energy For an explana- 

tion of the curves of bilghtness observed one needs pumping of energy 
at first at a level of lO**'’ - 10‘‘5 erg/s and after a certain time (de- 
termined according to the bend in the curve of the light index) — at 
a level of 10^*^ - 10’’ ^ erg/s. Moreover, for agreement between the cal- 
culated and the observed curves of brightness, one must hypothesise 
that after the maximum of brightness in the envelope, there is an in- 
crease In the irregularity of Ionisation. 

A comparison of models which are calculated for different values 
of mass of the ejected shell, makes it possible to show some interesting 
principles : 

1. As the mass of the envelope Increases, luminosity de- 
creases at the maximum. 
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Both effective temperature at the maximum decreases and 


alsi> the iMdIua tlu* phoumphere R and the loetiy of the envel- 
ope \% 

3) The width of the curve of brlp;htness incrennon, that Is, 
Its ‘'photometric class" becomes "earlier", 

Ih r^7l, mi Important relationship was obtained from which the 
principles listed above follow; 



where k — is the coefficient of opacity. 

hsliii'; these results for tho data in Table 1, we see that In 
the palaxioo In certain f>N T, the mass of tho envelope la larger 
than In the E ftalaxles which have exploded. Due to this, let us note 
tho fact that the average luminosity of T in the S palaxies Is ap- 
proximately 1*^ lower than tlie K palaxlos. At first r, lance, the fact 
that this a>':rees well with the conclusion on tno larr.e avoraEc masses 
of the envelope In spiral r.alaxloo seems stranpe. One only has to 
make a fairly natural hypothesis that the mass of the envelope depends 
an tho nuiss of the pro-Hupernova In the main sequence. 

From an analysis of the characteristics of the fupernovao type 
1 In masses of their envelopes 'v, (o.P - and the 

kinetic enerr.loB E "v (2-’l)*l0^^ erp, Is In p,ood .afreoment with esti- 
mates obtained from an analysis of the ronlduo of palactlc Pui-ernovae. 

The cnncl.uslon that durlnr. a flare of SN I, Gomparr(tl vely slow 
(that Is, lasting 10®-10®)pumping of energy takes place, is of par- 
ticular Importance for the entire pi-oblom. The question arises: 
what is the nature of this pumping? Various authors have proposed 
two different mechanisms. Historically, the first was a "radioactive" 
mechanism proposed back in 19f>6 by Fowler, Baade, Christy and Hoyle 
(the California hypothesis) C^l8]. Later on it underwent some 


modifications. For example, Anders considered Pe-59 as the radio- 
active element i;ii93 but beventhal and McCall used the sr.-ll chain 
of radioactive g decomposition i^l-56 Co-56 *>• Pe-56 E50j, Unfor- 

tunately, the authors of these hypotheses, while very clever (for 
example, [50] ), concentrate their attention exclusively on a single 
(although important) aspect of the problem — an explanation of the 
quasiexponential curves of brightness of SN I, ignoring the other 
aspects. For example, in the case of realization of the California 
25^f hypothesis, the cosmic abundance of other heavy nuclei would have 
been hundreds of times larger than that observed. 

The "slow" pumping which can be called "rotation-magnetic" or 
"pulsar" is a much more promising mechanism. Pioneer studies in this 
field were completed by Q. S. Blsnovatyy-Kogan C51] and after him by 
Ostrlker [52,53]. In this case, the energy of pumping is derived 
from the kinetic energy of a rapidly rotating neutron star which la 
transmitted externally by a magnetic field acting like a "drive belt." 
More specifically — one is looking at pressure of a magnetic-dipole 
radiation (caused by rotation only of the magnetic neutron star formed) 
and accelerated by this radiation of charged particles (the so-called /32 
"pulsar wind") to the outer shell of the collapsed star. The shock 
wave occurring here emerging on the surface of the star provides an 
optical luminosity of a Supernova. The variety of the "pulsar" mech- 
anism is a mechanism of pumping proposed by us of a rigid X-ray ra- 
diation of a young pulsar [5^1]. Calculations Indicate that this 
mechanism represents curves of brightness of SN I fairly well. How- 
ever, one should note that the "pulsar" mechanism of pumping energy 
In the SN I shell must undergo further development. 

The fact that kinetic energy of the shell and also energy radi- 
ated during an flare of SN I, is the conversion kinetic energy 
of rotation of a neutron star and has an exceptionally large value for 
all Supernovae problems. For example. It is necessary to assume that 
all pulsars are residues of flares of Supernovae, and during their 
formation must have very brief periods of rotation: lO-^-lO"^ s. 

Moreover, in the opposite case It would be Impossible to observe the 


phenomenon of the flare of a Supernova Itself. This imposes ear tain 
limitations to the nature of the pre-Supernovae and the explosion 
mechanism. For example, In a compact binary system (P < 10® s), where 
rotation of the components must by synchronous, an explosion cannot 
occur caused by the Shatsman mechanism because In the neutron star 
formed, the period of rotation would be too long and the kinetic ener- 
gy too small. If, as wf? consider, the direct forerunners of SN I are 
objects close to tho nuclei of planetary nebulae, then at the begin- 
ning of Its evolution (that is , assuming a comparatively short time 
after separation of planetary nebulae from the red giant), their 
radius must be 10^® cm, and the period of rotation approximately a 
few days. This period of rotation Is common for stars whose spectral 733 
class was earlier than the F 2. Therefore, one must conclude that In 
pre-SN I, where they are found In the main sequence, the central re- 
gions are rotated with the same angular velocity as the exterior 
shells and at the red giant stage, the angular velocity of the cen- 
tral regions remains unchanged. It Is natural that such rotation 
accumulates well known limitations for possible concepts on evolution 
of the center of such stars. The fact that most white dwarfs are 
slowly rotating objects means that the evolution of stars most often 
leads to the formation In them of comparatively slowly rotating 
nuclei. Finally, one must assume that on the surface of compact pre- 
Supernovae (massive nuclei of planetary nebulae) there must be a mag- 
netic field H 10** oersted — a value which we do not consider too 
large. 

In the conclusion of this article, we will pause to discuss one 
very Interesting but particular problem. It is well known that the 
Crab nebulae, in comparison with other residues of flares of Super- 
novae is a peculiar object to the highest degree. We have pointed 
out C55] that all of the unusual properties of this nebula are due 
to the exceptionally low rate of expansion of its fibers which must 
not be considered as slowing down the envelope In the Interstellar 
medium (on the other hand, the system of fibers due to pressure of 
the magnetic field and relativistic particles are accelerated). The 
modern rate of expansion of the system of fibers in all is only ap- 
proximately 1500 km/s, that is, approximately 10 times smaller than 
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t ho uaual rut o of oxpamU'ni of pn 1 alu'lla. In aoomnianoo wit h t hin, 
tho klnot lo onoi'f.y of tho nholl In appiHixlmut.o ly 10'''* iM’f.* 1 hat In, 
almont 100 tlmon nmallor than In tho "normal" nholl n ivf tho iluptn*- 
novao, both of tho flvat. and of tho aooond typon. 

In a inodol of a llupornova flaro lOOli wan oonntruotml 

banod on tho moohanlnm of olow pumpltu'; of onorr.y. Aooordlnr, to [^171, 
tho oharaotorlnt.lon of thin raipornova vaan a vory nmall powoi* of pump- 
ini'; whlo.h all of tho tlmo wan at. a lovel of aj 10''^ oi’f;/n; moroovoi', 

In tho normal f'N l, tho flrnt, In powi'r of pumping lO*'*' org/n 

and thon In malntalnod at a lovol of a, lo'**' orf;/n. Of o.ourno, foi'm- 
ally ono ran oxplaln tho poo,ullar) ty of tho Oi’ab nobulao ad.luntlnp; 
acoordinp, to tho dopondonoo of powor of pumping on tlmo. llowovor, 
t'xtondlng tho hypo thon In in [^171. without nolvlng t.ho problom, ono 
onoount.t'rn dlffloultlon In another dii’ootioiu It In ntlLl unoxplalnod 
wliy tho oharactor of pumping wan an In proponod in [Il7]. An objoetlon 
in alno rained to Uio too low lumlnonlty t^f tho Supernova lOhll at It.n 
maximum whieh wan annumod, oorronpondlngly , an M - -Ib’I^h (In fll], tho 
value M iB^l'p In Intrmiuood) . 

Without ro.lt'otlng tlu' final attempt to explain the vanoraaloun 
ntato ivf tho Prab lu'bulao, nlmllarly to I'liY'], I'lght now wo propono 
a hypotdionln which in tlU' loglaal ronult of tho ooncopt of the nature 
SN 1 flaron dovolopod In thin artiolo. 

Tho dlfflouTtlon Involved In liitorpr'otatl on of tho Crab nebula, 
to a nlgnlfloant: degree, are removed If one annumon that the "ntar- 
vlnltor" lO'Wl wan unually SN T, being at tho time tho nuolous of a 
fairly 001111 ^ 10 !. planetary nebula. Then, tho Intei-pi'otatlon th' the 
Crab nebula fiber In pant oondonnatlon of the planetary nebula, 
whieh "Intex'acted" wlt.h tho nholl of the Supernova, having expanded 
at a velocity of approximately lb, 000 km/n. Such an Interaction 
mupt have tho follixwtng I'enultn : a) a eliango In tlie morpliology of 

condennat.lon of the planetary nebula, t.hat In, i.hc formatltm of a 
thln-flbor ntrueture, b) onrlchmoni. tcf thone oonderiBatlonn by heavy 
elementn, c) a sharp Inoreane In the rate of condenaatlon to the 


value* !->luu'rv£Hi appraxlmatuly IHOO kiii/u. Wu notu that aiu'h a vi'U'ut l y 
!u obuorvud In Uu' r>N laOil I’llun* (Kuplov) and in not a part v'f thn 
^•v^Hnnll^va uhrll . 

A !.vij';nlf1v'ant , 11' nnt tlio main, paid. v»f tlu* ulioll with oiudT.h'U 
•V 10‘'° ei'Kl luuut bi’oak ludwoon Iho uondtnuuii hniu nf t.hn plamdany lu'bu- 
la In tho amblnnl fairly pareiMtHl (iijj ^ 0.1 iMir'’) Inl-ni’ut.ol lar iiunllum 
and a law dawn in if. 

if tho uholl of tho bupornova 10'>1| ’’wao- nt.vu'k’' In tho plamdairy 
nobula, it would boat t.ho {'lau formod to a tomporaturo (Ion) on Uu' 
oi'dor of hundiH'da of KoV. Pooauao thin In not obnorvod, ono imuU. 
atnumu* that almoat all of tho omnT.y of tho oxplonlon K wan radiant. 
With thin liypothonin , wo ar.aln onoountorod Innurmountabli' diffloult lon 
(for oxampio, a flow of X-ray radiation from tho Orab nobula munt bo 
tonn of timoB In I'xoonn of that obnorvod). 

ThUR, havtnp; made tho nupponit ion that- t.ho fiboi'n of drab nobula 
obnorvod woro formod not from tho nholl of a dupoi'nova, but. from a 
oloud of idiB found ai'ound tho blantod ntar (mont oft.on — a planotary 
nobula); wo munt oonnidor that, tho ”truo" dlmonnlonn of tho nnvlduo 
of the' flaro of tho hN lO'di munt bo oonnidorably larp;or t-han tho drab 
nobula. Uninr, tho wodl known foimiula oomlnf. from t.ho no 1 f-modollni'; 
nolutlon of Hc'idov problom for a ntronp. I'xplonlon (‘'1: 

whoro ® 10''^^ orp;, t = n, n^^ ® 0.1 om~'S wi’ find that; 

tho xMdiUB of tho I’onidiU' of EN 10tl| jo, ;ippro>x Imat-ol y 1| pn for whioh 
a dlBtanoo of dOOO pn oorronpondn in t-ho 11’. donnoduont.ly , If tho 
oxproRRlons dovolopod .abovo oorronpond to actual It-y, ai'ound t ho firab 
nobula thoi’o munt bo a fairly woak oxta'^ndod dO') notirco of com- 
parv'itlvoly rlp.id X-ray radiation (onorpiy of tho q\uanta on tho ordor 
of a fow hundrodo of koV). Moreover, t-hei'o mvint. bo nuoh anptul.ar 
dlraenaionn with a woak radio noureo from the enveiopo ntanictan*o . Tho 


flow of X-x’.'iy x’adlv'il lim fx’om Uiln lunu’oo 'v 10 tn'f./om* n, lhai ia, 
a oomp;u\al Ivoly mnall valuo. 11, wan lut.oia'aUnr, t o aUo*inpl to do- 
lunU. Uriu X-ray noiu’ro diirinf, tho iuibnoiiuont. norlor, of oollpra'n of 
iho Moi-m by iho drab nobula. 

An to the pi’oponod comparallvoly proloniani radio nourco ourianmd- 
Inp Idio Grab nobula, il.n oxpoelod nurfaot* brl^htnonn muni bo fali’ly 
low. ConBoquonily , ihln aourro In noi oany io inolaio from iho nui*- 
roundlnp f;alaoilo baokf.round. Pooauno of ihla, ono muni romombor 
ihai iho prolonp;od (approximately ^lO') raiilo noui’eo wit.'i low brlplit- 
nesa PKS lilbfi-i|l, found at. iho locailon of iho Supernova 100b, waa 
doteniod by Milne only In 1071 Ibb'], alihouili ilu' eondliiona for lia 
observailxui (In pariloular, the hlpli (lalaciio. lat,ltude, approximately 
lb®) la eonalderably imu'e favoi*ablo In oompai'laon wlt.h the Grab 
nobula . 

Aitonipta t,o dlacovox' ilio comparatively extended (approximately 
GO') radio aourco in tlie envlrona of iho Grab nobula muat bo con- 
aldered aa vcn\v import ani. Then' la not only inioi’oai In atd.empt Inp: 
to dlacovor by optical moihoda voi’y weak tliln flbora not- unlike thoae 
which recently were dlacovox'ed by Van den Bernh In iho flt'ld t^f the 
extended radio aourco PK8 l^lb0-iii on lOOb) [b?']. We note that on 
the Palomar atlaa In the envli’ona ot' Uio Grab nebula nothin!'; aimllar 
la vlaible (for example on aimllar plud, 0 !’a’ap]ia of the 8N 100b). 

A declaive teat for jud!';lnr: the hypotheaia proaonied above aa 
to tile origin of the Grab nebula la a final clarification of iho 

queation of chemical compoBltion of the !';aa In the flbora. If it ia 

"normal" (that ia, the hydrofien liaelf la faii’ly abundant;), t-hon ihia 
will be a atronf; argument in favor of this hypotheaia; if it. is /3? 

peculiar (for example, an abundance iif helium ovei’ an abundance of 
hydrop;en), then ihia hypothesis is "closed." Although In literature 'there 
are Indications of a similarly hifii content of helium in the fibers 

(Davidson [bR]), the entire question cannot be considorod as solved 

because the interpretation of appropriate observations raises a num- 
ber of object ions. 




There was Interest 
nebula, the Unes of 
('v 6 A) vtolet shift. 


In obtalnlnr., in the speet.rum of Uie Grab 
absorption from gaseous fibers, with stmnt: 
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A diagram of different methods of evolution of stars in compact 
binary systems powerful enough to produce a SN I flare. 

The overwhelming majority 99 > 9 %) of systems evolved accord- 
ing to the III, b "channel." 

rv 10“3 — according to channels II and III, a. The smallest 
part ('V lO"®) — according to channel I. 

Conventional Symbols : 


cv 


o - A non- degenerate star 

“ An evolved non-degenerate star with effluent 
mass 

- Dee;enerate star 


•" SN I flare 
• " A neutron star 

I i " Pinal state of evolution 
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